Attorney Docket No: 01003 

Probe Head for a Coordinate Measuring Apparatus 
Related Application 

This application is a continuation application of 
International patent application no. PCT/EP 01/15120, filed 
December 20, 2001, and claiming priority from German patent 
application 101 00 350.1, filed January 5, 2001. 
Field of the Invention 

The invention relates to a probe head for a coordinate 
measuring apparatus having measuring systems for measuring the 
deflection of the flexible part of the probe head on which the 
probe pin is attached and the coordinate measuring apparatus also 
having a damping device for damping the movement of the yielding 
part of the probe head. 
Background of the Invention 

A probe head of the kind referred to above is disclosed in 
United States Patent 5,623,766. Here, a measuring probe head is 
described whose probe pin can be deflected in three coordinate 
directions (x, y, z) . For this purpose, the probe head includes 
three spring parallelograms connected one behind the other. The 
probe pin is supported so as to be displaceable by each spring 
parallelogram in one coordinate direction. For detecting the 
deflection, a measuring system in the form of a plunge coil 
magnet is assigned to each spring parallelogram. In addition, a 
measuring force generator is assigned to each spring 
parallelogram which measuring force generator is provided in the 
form of a plunge coil drive and via which forces can be applied 
to the probe pin in the particular coordinate direction. The 
drive of the measuring force generators can take place via a 
suitable control circuit so that the probe pin can be charged 
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with a measuring force in desired directions and/or can be 
clamped in desired directions and/or can be damped in desired 
directions . 

Even though this is a good solution, it has been shown that 
5 relatively large quantities of heat occur with the use of the 

probe head described therein caused by the plunge coils which, in 
turn, acts disadvantageously on the measuring accuracy. 
Summary of the Invention 

Starting from the above, it is an object of the invention to 
10 provide a probe head of the kind described above with which the 

damping of the flexible part of the probe head and therefore of 
the probe pin is possible with only a slight development of heat. 

The probe head of the invention is for a coordinate 
measuring apparatus and includes: a yielding part; measuring 
15 systems for measuring the deflection of the yielding part in 

respective directions; a damping device for damping the yielding 
part in a pregiven direction; and, the damping device including 
at least one friction brake for generating a friction force which 
can be electrically changed. 
20 The basic idea of the invention is that a friction brake is 

used as a damping device whose friction force can be electrically 
adjusted. 

In this way, high friction forces can be generated via 
relatively low electric currents so that an effective damping can 
25 be realized in this way. 

The friction brake can be so built up that a flag is clamped 
between two jaws in a manner similar to a shoe brake in a 
bicycle. The pads are drawn toward each other via an electric 
linear drive, for example, in the form of a plunge coil drive. 
30 The friction brake advantageously includes an electromagnet and a 
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flag coacting therewith which is drawn magnetically against the 
electromagnet to generate the friction force. For this purpose, 
the flag has to be made of a magnetic material, preferably, a 
soft-magnetic material. The friction force between the flag and 
the electromagnet changes proportionally to the current flowing 
through the coil of the electromagnet so that relatively simply 
defined friction forces can be adjusted between the flag and the 
electromagnet. Since the flags need to execute only very small 
movements, a very dynamic change of the damping is hereby 
possible . 

In an alternate embodiment, the friction brake can include 
two flags coacting with the electromagnet. These flags are 
mounted on both sides of the electromagnet. In this way, for the 
same current, a doubling of the friction force can be achieved. 
This affords the advantage that relatively high friction forces 
and therefore high damping can be realized at relatively low 
voltages . 

The friction force of the friction brake is here usually 
adjusted by an electronic controller assigned to the probe head. 
This electronic controller preferably includes a microprocessor 
and can, for example, be an electronic component assembly in the 
probe head or even a component of the control of the coordinate 
measuring apparatus on which the probe head is mounted. 

The friction brake can be especially advantageously operated 
in that one differentiates the signal of the measuring systems 
for measuring the deflection of the flexible part with respect to 
time and adjusts the friction force of the friction brake in 
proportion thereto. In this way, a friction force proportional 
to speed results between the flag and the electromagnet so that a 
liquid or fluid damping can be simulated thereby. 
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In an advantageous embodiment with an electromagnet, a coil 
current is derived from the time differentiated signal of the 
measuring systems and this coil current is supplied to the 
electromagnet. This coil current is proportional to the 
differentiated signal . 

A relatively narrow gap is present between the flag or flags 
and the electromagnet in the rest position of the friction brake. 
So that friction conditions, which are reproducible with small 
damping, exist between the particular flag and the electromagnet, 
this gap would have to be manufactured to be constant with all 
friction brakes which, however, would mean a relatively high 
adjustment complexity. In order to minimize this adjustment 
complexity, the coil for generating low damping can be charged 
with an alternating current. For this reason, the particular 
flag starts to swing and touches the electromagnet always only 
during relatively short time intervals. In this way, defined 
friction forces are obtained and this over a relatively wide 
tolerance range of the distance between the particular flag and 
the electromagnet . 

In an especially preferred embodiment, the damping 
arrangement can also be used additionally as a clamping device. 

In the simplest case, in the first embodiment with only one 
flag, the coil current can be increased so far until the force is 
reached which is needed for clamping. Even though this is in 
principle possible, this solution has the distinction that a 
relatively intense development of heat takes place because of a 
large coil current and this heat development leads to measuring 
inaccuracies in the probe head. 

In order to realize for this first embodiment of the 
friction brake having only one flag a clamping, which operates 
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already at a relatively low coil current, a plate can be 
additionally provided on the side of the flag facing away from 
the electromagnet. This plate is likewise drawn magnetically by 
the electromagnet and is therefore made of a magnetic material, 
preferably, a soft-magnetic material. While the flag preferably 
has only a very. slight thickness and can therefore be pulled 
against the electromagnet with relatively low forces, the plate 
should have a relatively large thickness relative thereto. The 
plate should likewise be resiliently attached and in such a 
manner that the plate is only then drawn by the electromagnet 
when the electromagnet exceeds a defined coil current. Because 
of the relatively large thickness of the plate, a relatively 
large magnetic flux can flow therethrough so that the pull force 

is a multiple greater than the pull force which the electromagnet 

» 

can apply to the flag. If the plate is drawn to the side of the 
flag facing away from the electromagnet, then the probe pin is 
clamped thereby in the corresponding direction. 

The just-described relatively high friction forces, which 
are required for clamping, can also be especially advantageously 
alternatively generated with the above-described second 
embodiment of the friction brake wherein a flag is mounted on 
both sides of the electromagnet. Here, the friction brake 
necessary for clamping is achieved exclusively by the pulling of 
the two flags. Since a flag is drawn on both sides of the 
electromagnet, a significantly higher friction force is obtained 
with the same coil current compared to the embodiment having only 
one flag. Compared to the first embodiment, this embodiment has 
furthermore the advantage that the characteristic line is linear 
and exhibits no hysteresis effects which are caused by the 
docking of the plate. Furthermore, the flags, compared to the 
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plate, exhibit only a very slight spacing to the electromagnet. 
For this reason, the friction force and therefore the damping can 
be changed with high dynamics . 

Advantageously, at least one flag can furthermore be 
reinforced in the region of the electromagnet in order to thereby 
increase the magnetic flux. 

With the clamping devices known previously, it was always a 
problem to clamp the probe pin in a defined desired position for 
measuring the probe pin deflection, for example, at the zero 
point of the measuring system. This is now no longer a problem 
with a clamping in accordance with this advantageous embodiment. 
For this purpose, the electronic controller can at first clamp 
the flexible part of the probe head, to which the probe pin is 
attached, in any desired position by means of the friction brake. 
Thereafter, the electronic controller causes the measuring force 
generator to generate measuring forces in a pulse-like manner so 
that these measuring forces like hammer blows displace the 
movable part in the direction of the desired position, that is, 
for example, the zero point of the deflection system. The 
measuring force generator is assigned to the particular friction 
brake. When the desired position is reached, then the probe pin 
is clamped in the predefined desired position. 

Furthermore, a rebounding of the probe pin can likewise be 
countered with the clamp device. This functions in such a manner 
that the electronic controller clamps the yielding part of the 
probe pin for a short time via the friction brake precisely when 
the workpiece is contacted. The contact time point can be 
determined from the signals of the measuring systems of the probe 
head. 

The guides for guiding the yielding part can be different. 
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For example, the guides can be spring parallelograms or can be 
rotatable joints or linear guides. 

The measuring systems for measuring the deflection of the 
yielding part can also be different. Incremental graduations can 
be provided which can be read out by a read head. However, 
plunge coils can also be provided. 

It is understood that the friction brake of the invention 
can also be utilized with probe heads wherein the measuring force 
is generated not via measurement force generators but via springs 
which are tensioned during a deflection of the probe pin from its 
rest position. Only the above-described method for clamping the 
probe pin in a predefined desired position cannot be carried out 
with this method. On the other hand, this method is not perforce 
necessary since the probe pin need not necessarily be clamped in 
a fixed predefined position. Rather, the exact deflection of the 
probe pin can be determined via the measuring systems for 
measuring the probe pin deflection and can be considered in the 
evaluation of the measurement data. 

With the above probe heads (wherein the measuring force is 
generated by springs) , the friction brake can also be used in 
order to hold the probe pin in its rest position during 
acceleration operations of the probe head by the coordinate 
measuring apparatus. Because of the inertia of the mass of the 
probe pin, the probe pin tends to be deflected out of its rest 
position opposite to the acceleration direction during 
acceleration operations of the probe pin. This can be prevented 
in that a suitable damping is adjusted or the probe pin is 
clamped in the particular direction when acceleration operations 
are present. This procedure can be used also with probe heads 
having measurement force generators . 
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Brief Description of the Drawings 

The invention will now be described with reference to the 
drawings wherein: 

FIG. 1 is a perspective schematic of a measuring probe head; 
5 FIG. 2 shows a single spring parallelogram of the probe head 

of FIG. 1 is section with a friction brake in accordance with the 
invention; 

FIG. 3 shows the friction brake in the rest position; 
FIG. 4 shows the friction brake of FIG. 3 with a drawn in 

10 flag; 

FIG. 5 is a schematic of the friction brake of FIG. 3 with a 
pulled flag and a pulled plate; 

FIG. 6 is a diagram of the electric voltage (U sp ) for 
explaining the damping and clamping operations with the. electric 
15 voltage (U SP ) being applied to the electromagnet of the friction 

brake of FIGS. 3 to 5; 

FIG. 7 is a diagram which shows the friction force (F fric ) 
plotted as a function of the electric voltage (U SP ) which is 
applied to the electromagnet with this plot being for the 
20 friction brake of FIGS. 3 to 5; 

FIG. 8 is a schematic showing a friction brake according to 
a second embodiment of the invention with two flags mounted on 
respective sides of the electromagnet; and, 

FIG. 9 is a graph showing the friction force (F fric ) plotted 
25 against the voltage (U SP ) applied to the electromagnet with the 

graph being for the friction brake of FIG. 8. 
Description of the Preferred Embodiments of the Invention 

The probe head shown in FIG. 1 has a housing-fixed part in 
the form of an angle whose upper horizontal leg 1 has a dove tail 
30 slot for the attachment of the probe head to the spindle of the 
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coordinate measuring apparatus (not shown) , The vertical part 3 
of a further L-shaped angle is connected to the. vertical leg 2 of 
the housing-fixed part via a pair of resilient sheet metal 
pieces 5 and 6 reinforced in the center. The resulting 
parallelogram guide defines the z-guide of the probe head. 

A plate 9 is movably suspended on the horizontal part 4 of 
the angle, which is movable in the z-direction, via a pair of 
reinforced resilient sheet metal pieces 7 and 8. The plate 9 
forms the y-guide of the probe head. A third pair of resilient 
sheet metal pieces 11 and 12 is rotated by 90° relative to the 
sheet metal pieces 7 and 8 and, in turn, suspended from the 
plate 9. The third pair of resilient sheet metal pieces 11 
and 12 connects the plate 9 to a further plate 10 which defines 
the x-guide of the probe head. The plate 10 of the probe head 
yields hereby in the coordinate directions (x, y, z) and carries 
the probe pin 13 having probe ball 14. Each of the three 
parallelogram guides is provided with a measuring force 
generator 18 in the form of a plunge coil drive which, however, 
is not shown in FIG. 1. Also shown are the three measuring 
systems (15, 16, 17) with which the deflection of the guided part 
of the probe head is continuously determined in the three 
above-mentioned coordinate directions (x. y, z) . These are 
so-called LVDT systems which are induction coils operated 
essentially at a carrier frequency which output a path signal 
proportional to the position of the core displaceable therein. 
Furthermore, each of the three parallelogram guides has a 
friction brake with which the above-mentioned guides can be 
either damped or can be clamped. 

The friction brakes 19 are also not shown in FIG. 1. 
Accordingly, reference is made to FIG. 2 for a more detailed 
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explanation of the particular components. FIG. 2 shows, in 
section, selectively the y-guide of the probe head shown in 
FIG. 1. As shown in FIG. 2, the measuring system 16 described 
above is disposed on the left side of the y-guide. The measuring 
system 16 measures the deflection in the direction perpendicular 
to the plane of the drawing. Reference numeral 18 identifies a 
measuring force generator with which a measuring force can be 
superposed between the parts 4 and 9 in the direction 
perpendicular to the plane of the drawing. The measuring force 
generator 18 is configured in the form of a plunge coil drive. 

Furthermore, the y-guide also includes a friction brake 19 
with which the y-guide can be damped and also clamped in the 

direction perpendicular to the plane of the drawing as explained 

—\ 

in detail with respect to FIGS. 3, 4 and 5. 

The recordation of the measurement values of the three 
measuring systems (15, 16, 17) for measuring the deflection of 
the movable part 10 and therefore of the probe pin 13 as well as 
the drive of the three measuring force generators 18 and the 
three friction brakes 19 takes place via the electronic 
controller 25 shown schematically in FIG. 1. The electronic 
controller here is a microprocessor-controlled electronic 
component assembly in the control of the coordinate measuring 
apparatus . 

FIG. 3 shows, in section, a first embodiment of a friction 
brake 19 according to the invention. As shown in FIG. 3, the 
core piece of the friction brake is an electromagnet configured 
to have a pot shape. The electromagnet includes a 
flux-conducting part 20 made of soft magnetic material and a 
coil 21 which surrounds the inner part of the flux-conducting 
part 20. At the open end of the electromagnet, a flag 23 is 
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provided which has a defined spacing to the flux-conducting 
part 20 of the electromagnet. Additionally, a rigid holder 40 is 
attached to the electromagnet. A plate 24 is attached via a leaf 
spring 22 to the other end of the holder 40. The plate 24 has a 
5 considerably greater thickness than the flag 23. For damping of 

the movement in the y-direction (that is, of the yielding part 9 
relative to the part 4 in the direction perpendicular to the 
plane of the drawing) , a defined current can be superposed on the 
coil 21. In this way, a magnetic pulling force arises between 
10 the ends of the flux-conducting part 20 and the ferromagnetic 

flag 23. This pulling force pulls the flag 23 against the ends 
of the flux-conducting part 20 as shown in FIG. 4. In this way, 
a defined friction force F fric is generated which can be changed 
over a wide range by varying the coil current. 
15 In an advantageous embodiment, a fluid damping is, however, 

simulated with a Newtonian friction. This is possible in that a 
speed-proportional damping is realized, that is, in that the coil 
current and therefore the friction force F fric between the flag 23 
and the flux-conducting part 20 is selected proportional to the 
speed in the particular direction. The signal for the coil 
current can be determined via a simple time derivative of the 
deflection signal of the measuring system 16. The derivative can 
take place either digitally or even analog in that the signal is 
differentiated across a capacitor. 
25 As explained above, the gap between the flag 23 and the 

flux-conducting part 20 can be adjusted precisely only with great 
difficulty so that for each new probe head, the damping for small 
coil currents would have to be first determined. Furthermore, 
depending upon the dimensioning of the coil, it is also possible 
30 that as a consequence of the residual magnetization of the 
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flux-conducting part 20 and the flag 23, the flag 23 remains 
adhered to the electromagnet even when the coil current is 
switched off. In order to be able to deal with this problem, the 
coil 21 can be charged with an alternating current so that the 
flag 23 lies against the flux-conducting part 20 only from time 
to time in correspondence to the coil currents. In this way, 
very slight damping is realized which is substantially constant 
over a larger range of the distance between the flag 23 and the 
ends of the flux-conducting part 20. 

The - friction brake 19 can additionally be used for clamping 
the y-guide. Here, the coil current is so greatly increased 
until also the plate 24 is pulled by the electromagnet against 
the flux-conducting part 20 as shown in FIG. 5. The thickness of 
the plate 24 is considerably greater than the thickness of the 
flag 23. For this reason, a considerably greater flux results 
through the plate 24 and therefore also a considerably higher 
force results in the direction toward the electromagnet. The 
flag 23 is clamped so greatly between the flux-conducting part 20 
and the plate 24 because of the considerably greater force action 
and, in this way, the friction force F fric is so greatly increased 
that the guide in the y-direction is clamped thereby. 

Above, the coil current was discussed in detail which is 
impressed into the coil. The development of heat of the coil is 
only very slight. For this reason, however, one can assume that 
the alternating current resistance of the coil remains 
approximately constant so that the coil current is always 
approximately proportional to the applied voltage. In this way, 
the friction force between the flag 23 and the flux-conducting 
part 20 can be viewed as also being proportional to the 
voltage U sp applied to the coil. 
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The voltage trace during the application of the friction 
brake 19 for damping and for clamping the y-guide is intended to 
be strictly exemplary in a diagram wherein the coil voltage U sp is 
plotted as a function of time (t) . 

First, the coil voltage U SP is increased up to time point tl 
until the voltage U flag is exceeded. From this voltage on, the 
ferromagnetic flag is pulled to the ends of the flux-conducting 
part 20. After the time point tl, the friction force between the 
flag 23 and the flux-conducting part 20 is changed because of 
different varying of the voltage up to time point t2 in order to 
greatly dampen the part and therewith the probe pin 13 with 
different intensity. Hereafter, a clamping of the y-guide is to 
be undertaken. For this purpose, the voltage U sp is increased up 
to time point t3 until the voltage U plate is exceeded. The 
15 voltage U plate characterizes that voltage threshold after which the 

plate 24 is pulled by the flux-conducting part 20. After the 
plate 24 is drawn by the flux-conducting part 20 and, therefore, 
the flag 23 is clamped, the voltage U sp can immediately be lowered 
as can be seen at time point t4. The clamping can be varied with 
20 respect to its intensity by the voltage U SP shown between the time 

point t4 up to time point t5. In order to again release the 
clamping, the voltage is switched off at time point t6 so that 
the plate 24 as well as the flag 23 separate from the ends of the 
flux-conducting part 20. 
25 In FIG. 7, a schematic diagram is shown for the described 

friction brake wherein the characteristic line of the voltage U SP 
impressed upon the coil is plotted against the generated friction 
force F fric . The arrows show the course of the curve. Starting 
from the coordinate origin of the diagram, the friction 
30 force F fric increases approximately proportional to the voltage U SP 
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up to the voltage U plate . Starting with this voltage, and as 
already described, the plate 24 is additionally drawn so that the 
friction force increases abruptly to the value F peak . If now the 
voltage U SP again drops, then the friction force F fric is likewise 
again less but at a higher level. Starting with the 
voltage U plateab , the holding force of the coil 21 becomes so 
slight that the plate 24 is pulled back from the electromagnet 
into its original position by a leaf spring 22 so that the 
friction force F fric then drops abruptly. For a further drop of 
the voltage U SP in the direction of the coordinate origin, the 
curve again moves on the original curve. 

* 

In contrast, FIG. 8 shows a second embodiment of a friction 
brake 27 according. to the invention. In this embodiment, an 
electromagnet is likewise provided which includes flux-conducting 
parts (26, 31) and a coil 30. Furthermore, two flags 28 and 29 
are provided which are mounted on both sides of the electromagnet 
so that they establish the magnetic flux between the poles of the 
magnetic coil on both sides. The flags can therewith be 
simultaneously drawn. The flags are furthermore somewhat 
strengthened in the area of the electromagnet compared to the 
flag 23 of the first embodiment in order to achieve a greater 
cross section for the flux already at low voltages. The special 
feature of this second embodiment is that even for relatively low 
voltages (U sp ) without hysteresis effect of the plate 24, 
relatively high friction forces F fric and therefore a high damping 
can be realized which is adequate also for clamping the guide. 
In this way, it is also possible to change the damping very 
dynamically because the flags have to execute only very small 
movements . 

The diagram corresponding to FIG. 7 for this friction 
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brake 27 is shown in FIG. 9. As shown in FIG. 9, the friction 
force F fric is proportional to the voltage applied to the coil 30. 

The operation of this second embodiment of the invention of 
a friction brake takes place completely in the same manner as 
5 already described in connection with the first embodiment in 

accordance with FIGS. 3 to 5 with the single difference that the 
friction forces F fric , which are needed for damping or clamping, 
are not adjusted in accordance with the characteristic line of 
FIG. 7 as it was discussed in connected with FIG. 6, rather, in 

10 accordance with the characteristic line of FIG. 9. 

Often, it is desirable to clamp the guide so that the 
clamping takes place exactly at the zero point of the measuring 
system 16 of the guide. In order to achieve this, one can 
proceed in that the guide is first clamped in any desired 

15 position. In the next step, measuring forces are generated by 

the measurement force generator 18 in a pulse-like manner against 
the direction of deflection and these measuring forces operate in 
opposition to the deflection direction. In this way, measuring 
forces result which, in the manner of hammer blows, displace the 

20 guide stepwise in the direction of the zero position. As soon as 

the deflection, which is measured by the measuring system 16, 
returns to the zero position, the measuring system 16 is clamped 
in the zero position. In this way, complex adjustment operations 
can be avoided. 

25 As already mentioned, the probe pin can be clamped also in 

any desired other desired position in accordance with the method 
described. 

Furthermore, the clamping can likewise be used to counter a 
rebound when contacting a workpiece. In a usual contacting, the 
30 probe pin 13 rebounds because of the elastic impact occurring 
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when contacting. A rebounding of this kind can be substantially 
suppressed when the probe pin is clamped for a short time in its 
position at the time point of the contacting and the clamping is 
released directly after the clamping. 

Furthermore, the friction brake can also be used in order to 
hold the probe pin 13 in its rest position when there are 
acceleration operations of the probe head by the coordinate 
measuring apparatus. Because of the inertia of the mass of the 
probe pin 13, the probe pin tends to be deflected out of its rest 
position opposite to the acceleration direction during 
acceleration operations of the probe head. Even though this can 
be prevented by means of a corresponding counter force by the 
measuring force generators 18, this can also be alternatively 
prevented in that a suitable damping is adjusted during 
acceleration operations or the probe pin is even clamped in the 
particular direction. The acceleration can, for example, be 
taken from tha travel path data of the control of the coordinate 
measuring apparatus or via acceleration sensors. Accordingly, 
this procedure is well suited especially for probe heads without 
measuring force generators whose measuring force is generated 
mechanically by means of springs. 

For the sake of completeness, it is noted that the adhering 
force in the clamped state can also be changed by varying the 
voltage U sp . This adhering force must be overcome to deflect the 
probe pin in the particular coordinate direction from the clamped 
position. For smaller probe pins, one would superpose a smaller 
adhering force in order to avoid a breaking of the probe pin in 
an unwanted collision especially for the manual operation wherein 
the coordinate measuring apparatus can be moved manually via an 
actuating lever by the operator of the coordinate measuring 
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apparatus . 

Furthermore, the described example is only one embodiment. 
The electromagnet need not be configured as a plunger magnet. 
The flux-conducting part could, for example, likewise be limited 
5 to a core. Also, the plate 24 need not be round, for example; 

instead, the plate can also have another shape. 

It is understood that the foregoing description is that of 
the preferred embodiments of the invention and that various 
changes and modifications may be made thereto without departing 
10 from the spirit and scope of the invention as defined in the 

appended claims . 
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